We describe a lateral approach to the distal humerus based on initial location of the superficial branches of the radial nerve, the inferior lateral cutaneous nerve of the arm and the posterior cutaneous nerve of the forearm. In 18 upper limbs the superficial branches of the radial nerve were located in the subcutaneous tissue between the triceps and brachioradialis muscles and dissected proximally to their origin from the radial nerve, exposing the shaft of the humerus. The inferior lateral cutaneous nerve of the arm arose from the radial nerve at the lower part of the spiral groove, at a mean of 14.2 cm proximal to the lateral epicondyle. The posterior cutaneous nerve of the forearm arose from the inferior lateral cutaneous nerve at a mean of 6.9 cm (6.0 to 8.1) proximal to the lateral epicondyle and descended vertically along the dorsal aspect of the forearm. The size and constant site of emergence between the triceps and brachioradialis muscles constitute a readily identifiable landmark to explore the radial nerve and expose the humeral shaft.
We describe a lateral approach to the distal humerus based on initial location of the superficial branches of the radial nerve, the inferior lateral cutaneous nerve of the arm and the posterior cutaneous nerve of the forearm. In 18 upper limbs the superficial branches of the radial nerve were located in the subcutaneous tissue between the triceps and brachioradialis muscles and dissected proximally to their origin from the radial nerve, exposing the shaft of the humerus. The inferior lateral cutaneous nerve of the arm arose from the radial nerve at the lower part of the spiral groove, at a mean of 14.2 cm proximal to the lateral epicondyle. The posterior cutaneous nerve of the forearm arose from the inferior lateral cutaneous nerve at a mean of 6.9 cm (6.0 to 8.1) proximal to the lateral epicondyle and descended vertically along the dorsal aspect of the forearm. The size and constant site of emergence between the triceps and brachioradialis muscles constitute a readily identifiable landmark to explore the radial nerve and expose the humeral shaft.
The identification and mobilisation of the radial nerve is recommended when plating fractures of the diaphysis of the humerus, 1,2 for the removal of soft-tissue tumours of the lateral aspect of the arm, and in revision of total elbow replacements. 3, 4 Plating of the distal shaft of the humerus is commonly performed via a lateral approach, which may require inferior extension to gain distal exposure and to locate the radial nerve between the brachialis and brachioradialis muscles. 5 Stabilisation is obtained by a compression plate that gives sufficient rigidity and stability at the fracture site to enable early mobilisation. 1 The disadvantages of this approach are the need for extensive distal exposure to define the course of the radial nerve, the vulnerability of the radial nerve and its superficial branches when it pierces the lateral intermuscular septum, and the risk of iatrogenic denervation of the brachioradialis 6 and brachialis muscles. [7] [8] [9] We propose an alternative, strictly lateral approach based on the initial location of the lateral cutaneous branches of the radial nerve, namely the inferior lateral cutaneous nerve of the arm (ILCNA) and the posterior cutaneous nerve of the forearm (PCNF). These sensory nerves are large enough to be readily identified in the subcutaneous tissue at the lateral aspect of the arm between the triceps and brachioradialis muscles, and represent accurate practical landmarks for the dissection of the radial nerve. This approach should prove useful whenever surgical exploration of the radial nerve is required, especially in patients with nerve palsy 10, 11 and in a swollen or a scarred arm. It enables easy location of the nerve through both lateral and posterior skin incisions, and affords access to a large surface of the humeral shaft without jeopardising the nerve supply of the brachialis and brachioradialis muscles.
This anatomical study has examined the feasability of an alternative strictly lateral approach to the shaft of the humerus which allows exploration of the radial nerve and its superficial cutaneous ramifications.
Materials and Methods
The study was conducted on 18 upper limbs, nine right and nine left, from six embalmed and three fresh cadavers pre-injected with stained latex. The limbs were from six women and three men with a mean age of 75.4 years (69 to 83). Their mean height was 166 cm (162 to 176).
All the fresh limbs underwent injection with a stain using the same technique, embalmed limbs were not injected. The axillary artery was dissected along its length and ligated below the inferior scapular pedicle. After flushing the artery with normal saline solution until peripheral venous distension was achieved, 50 ml of latex solution (Neoprene Latex 671, Dupont Ltd, United Kingdom), stained with eosin (2% aqueous eosin, 5 ml, Laboratoires Gilbert, Herouville Saint-Clair, France) or methylene blue (methylene blue, 2 ml, Gilbert) were injected manually under pressure.
The ramifications of the cutaneous branches of the radial nerve were defined first. The subjects were placed supine with the arm in slight abduction and internal rotation. The incision started proximally along the anterior border of the deltoid muscle and extended distally along the lateral aspect of the arm towards the lateral epicondyle, 1 cm anterior to the projection of the lateral intermuscular septum (Fig. 1a) . The ILCNA and the PCNF were located in the subcutaneous tissue superficial to the brachial fascia and anterior to the lateral intermuscular septum, at a height corresponding to the upper part of the brachioradialis muscle (Fig. 1) . The main cutaneous branches of the nerve crossed the skin incision. Once located, the branches were dissected proximally to establish their origin from the radial nerve and their relationships to the lateral intermuscular septum (Fig. 2) . In its distal part the lateral intermuscular septum separates the medial head of the triceps from the brachioradialis muscle. Proximally, the lateral intermuscular septum separates the lateral head of the triceps from the brachialis muscle. The medial head of the triceps was progressively mobilised from distal to proximal. The radial nerve was exposed on the lateral surface of the humerus before it penetrated the lateral intermuscular septum. It was then dissected proximally to where it emerged from the spiral groove of the humerus. The shaft of the humerus was then approached on either side of the radial nerve, anterior and posterior to the lateral intermuscular septum.
The study analysed the number of superficial rami, their ramifications, and their relationships with the lateral intermuscular septum, the medial head of the triceps and the deep brachial artery. The distribution of each of the sensory branches was documented in a diagram. The Anatomical views of the left arm illustrating the proposed lateral approach based on initial location of the ILCNA (A) and the PCNF (B). The skin incision is straight and located 1 cm anterior to the intermuscular septum. (a) The distal sensory branches of the radial nerve (C) are identified between the brachioradialis (B) and triceps muscles, and then b) dissected from distal to proximal to the radial nerve. The proximal dissection of these branches enables the exploration of the entire course of the radial nerve and exposure of the humeral shaft both anteriorly and posteriorly to the lateral intermuscular septum. 
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Results
Anatomy of the inferior lateral cutaneous nerve of the arm. In all cases this nerve arose from the radial nerve at the inferior part of the spiral groove, usually on the lateral surface of the humerus, at a mean distance of 14.2 cm (13.5 to 15.2) proximal to the lateral epicondyle and 4 cm (3.5 to 5.0) proximal to the insertion of the highest fibres of the brachioradialis muscle. It then coursed distally along the external margin of the humerus and remained posterior to the lateral intermuscular septum until it emerged from the posterior compartment of the arm (Fig. 2) . In three cases the nerve pierced the lateral intermuscular septum to enter the anterior compartment at a mean distance of 9.4 cm (6.2 to 11.8) proximal to the lateral epicondyle, which corresponded to a mean distance of 2.6 cm (1.4 to 3.9) below the passage of the radial nerve into the anterior compartment of the arm (Fig. 2a) . The ILCNA perforated the anterior brachial fascia at a mean distance of 5.1 cm (4.0 to 7.0) (SD 1.2) proximal to the lateral epicondyle to travel superficially in the subcutaneous tissue. In 15 cases (83%) it emerged directly from the posterior compartment into the subcutaneous tissue and perforated the posterior brachial fascia without penetrating the intermuscular septum (Figs  2b, c) . In all cases, the ILCNA ran superficially relative to the brachioradialis muscle, slightly anterior to its origin from the lateral column of the humerus, sending branches to the lateral surface of the distal part of the arm. During its proximal course in the posterior compartment, the nerve was accompanied by the posterior branch of the deep brachial artery, surrounded by its satellite veins (Fig. 1b) . Anatomy of the posterior cutaneous nerve of the forearm. In all cases the PCNF arose from the ILCNA. In 16 arms (89%) the ILCNA gave rise to a single posterior sensory branch; in two cases (11%) it split into two anterior rami of the same size and a posterior ramus. This division occurred at a mean of 6.9 cm (6.0 to 8.1) from the lateral epicondyle. In three cases (17%) the PCNF arose from the anterior compartment of the arm, distal to the lateral intermuscular septum, at a mean of 3 cm after the ILCNA had perforated the septum (Fig. 2a) . In the other 15 specimens (83%), the PCNF arose in the posterior compartment of the arm and perforated the posterior brachial fascia. It descended in the subcutaneous tissue slightly anterior to the lateral intermuscular septum and passed anterior to the lateral epicondyle. In the distal part of the arm the PCNF ran backwards giving branches to the upper part of the posterolateral surface of the forearm. Lateral approach to the shaft of the humerus. This study allowed the development of a strictly lateral exposure to the shaft of the humerus based on the initial identification of the distal sensory branches of the radial nerve between the brachioradialis and triceps muscles. These branches could be easily located at a predictable level on the lateral surface of the arm, and then dissected proximally to identify the radial nerve. The origin of the ILCNA was always sited at the inferior part of the spiral groove. The humerus was gained through a strictly lateral route without section of the brachialis muscle nor elevation of the brachioradialis. This approach enabled exploration of the radial nerve on either side of the lateral intermuscular septum at a very high level up to the spiral groove.
Discussion
The anterolateral approach to the shaft of the humerus is the most commonly performed. [12] [13] [14] With this, the radial nerve is identified between the brachialis and brachioradialis muscles, and the distal two-thirds of the humerus can be exposed. However, dissection of the most distal aspect of the humerus in order to introduce a plate is difficult and requires extension into an anterior approach to the elbow. Proximal extension of this approach up to the spiral groove is possible, but injury to the ILCN may occur when separating the medial head of the triceps from the intermuscular septum. 15 The extra-muscular branches of the radial nerve to the brachioradialis 6 and to the brachialis muscles [7] [8] [9] 12 may be at risk when dissecting the space between brachialis and brachioradialis. Splitting the anterior aspect of brachialis may spare the supply from the radial nerve to this muscle, but may damage the lateral branches of the musculocutaneous nerve, which lie more superficially. 8 Alternative approaches may be the medial 16, 17 and the posterior or posterolateral approaches, [18] [19] [20] [21] but both require the patient in the lateral decubitus or prone position with the affected extremity uppermost. Although preferred by some, 22 the medial approach is more often recommended for the management of vascular injuries associated with fractures or complex nonunions of the shaft. 23 The posterolateral exposures are useful for allowing the application of a centrally located posterior plate in treatment of fractures of the distal third of the humerus. 19, 21 This approach cannot be routinely recommended for more proximal fractures because of the proximity of the radial nerve, which may be subjected to traction during reduction and friction from the plate after surgery.
Several authors have proposed alternative lateral routes to gain maximal exposure of the radial nerve and the shaft. Moran 15 described a posterolateral incision 4 cm behind the intermuscular septum which allowed control of the radial nerve on either side of the septum and stabilisation of the fracture with a posterior plate. Mills et al 13 proposed a lateral approach similar to that described here, but through an incision 1 cm posterior to the septum and without dissection of the sensory branches of the radial nerve.
The strictly lateral exposure we present here is based on the initial identification of the ILCNA and the PCNF in the subcutaneous tissue and their proximal dissection to the radial nerve. The ILCNA provides the sensory innervation of the lateral surface of the distal third of the arm and is also known as the nerve of the lateral brachial flap. 24 It always arises from the radial nerve at the lower extremity of the spiral groove posterior to the intermuscular septum, and may have a common origin with the nerve of the medial head of the triceps. 25 It is 1 mm to 21 mm in diameter 26 and emerges between the triceps and brachioradialis muscles, where it becomes superficial. It is easily identifiable and located along the lateral column of the humerus and at the highest of the fibres of the origin of the brachioradialis muscle. [27] [28] [29] The PCNF is constant in its course. It emerges from the ILCNA, travels subcutaneously along the lateral column of the humerus, 30 and descends vertically along the dorsal aspect of the forearm. When the skin incision is located 1 cm anterior to the intermuscular septum, the PCNF is located in the posterior lip of the wound. Proximal dissection of these branches enables the exploration of the entire course of the radial nerve and exposure of the humeral shaft, both anteriorly and posteriorly to the lateral intermuscular septum.
This approach allows exploration of any part of the radial nerve and reduces the risk of iatrogenic injury as it pierces the lateral intermuscular septum, where it is tethered and has very little mobility, as it is interposed between the lateral aspect of the humerus and the septum. 25 The approach also allows rapid exposure of the radial nerve through a posterior skin incision with minimal soft-tissue stripping during revision of total elbow replacement and for the removal of soft-tissue tumours of the arm.
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